With the popularity of electronic dictionaries, multimodality plays an increasingly important role in lexicography. To broaden the horizons of e-dictionary definitions, this article argues for the establishment of a new term, multimodal definition, as a key component of multimodal lexicography. This term integrates verbal definitions and the complementary multimodal resources from a holistic viewpoint of meaning. In a multimodal definition, a dynamic meaning ecology can be formed, with two critical variables functioning, (semiotic) mode selection and intermodal synergy. In this ecology, meaning expressed verbally can be multiplied in four dimensions: content, form, space and time. Future directions for research are discussed, including dictionary user studies and multimodal corpora. The findings of this article shed light on the construction of a theoretical model for e-lexicography which remains an urgent task in the ongoing digital revolution.
Introduction
In the new era of digital media, electronic dictionaries (e-dictionaries) are booming as a common tool of language learning and use. In the field of e-lexicography, such core notions as multimodality and meaning representation have aroused the interest of researchers.
As "the normal state of human communication" (Kress 2010) , multimodality is defined as the diverse ways in which multiple semiotic resources (1an-guage, visual images or sound, etc.) are co-deployed and co-contextualized in the making of a text-specific meaning (Thibault 2001) . The collection of different semiotic modes (textual, visual, audio, spatial, etc.) can determine how an audience perceives information. Therefore, multimodality is crucial for meaning representation in dictionaries, especially in e-dictionaries.
As the heart of meaning representation in a dictionary, definition plays a key role in stating or explaining the meaning of a word or phrase. This term, if used as a countable noun, can also refer to the product of the process of defining, as indicated under the entry of definition in Oxford Advanced Learner's Dictionary of Current English (the 6th edition, 2000):
To deepen our understanding of meaning representation in e-dictionaries, we propose the term multimodal definition under the umbrella of multimodal lexicography proposed by Lew (2010) . It is tentatively defined as "(the act of) meaning explanation of a word or phrase with multimodal devices for achieving better defining effect than language does alone, especially in an edictionary". Meanings explained by written language are called verbal definitions in this research. By viewing verbal definitions and the complementary multimodal resources as an organic whole and combining them into one cover term, the close relationship between them would be valued, and the horizons of e-dictionary definitions could be expanded.
So a holistic view of meaning is taken in this article. On the one hand, following the theory of "meaning as use" (Wittgenstein 1953) , meaning and usage are inseparable, and "in a living language vocabulary and grammar do not have their own independent existences" (Tarp 2008: 135) . On the other hand, cognitive findings tell us that linguistic information of a word or phrase is blended with encyclopedic information. In brief, meaning is of multiple facets integrated into a whole.
In the above-mentioned context, this article argues for the establishment of the notion of multimodal definition and aims to investigate the mechanism and function of multimodal definitions in terms of meaning representation. Within definition noun [C, U] an explanation of the meaning of a word or phrase, especially in a dictionary; the act of stating the meanings of words and phrases a unified framework of multimodal lexicography (Lew 2010 ) and multimodal discourse analysis 1 from a systemic functional perspective (O'Halloran 2008) , the present study was guided by the following research questions: 1) Is the concept of multimodal definition necessary in practice and theory? 2) What are the dominant variables operating in the semantic ecology of multimodal definitions? 3) In which dimensions can meaning be multiplied in this ecology?
2.
Literature review
Limitations of verbal definitions
Verbal definitions are of various types, ranging from the traditional genus-differentia format to the recent full-sentence definition (Atkins and Rundell 2008: 416-441) . However, many studies show that such a variety still can't ensure that verbal definitions are effective enough to meet the personal needs of dictionary users (Zhang 2002: 133-145) . Problems like circularity, inaccuracy, over-defining, redundancy or lack of necessary pragmatic and cultural information can be found even in leading dictionaries (Zhang 2015: 79-82) . The problem of inaccuracy seems to be intensified by the controlled defining vocabulary in learner's dictionaries and children's dictionaries (Feng 2009: 153-154) . Furthermore, the lexicographic treatment of words expressing abstract relations, such as that of prepositions, is still unsatisfactory in many dictionaries (Coffey 2006; Lew 2010 ). Such problems often seem unavoidable. For one thing, meaning is often subtle, multiple and even capricious so that it is hard to fully grasp it. For another, a verbal definition is, by its nature, a rather abstract construct (Atkins and Rundell 2008: 454) , whether it is at the same semiotic level (periphrastic synonymy) as the defined or at the level of a constructed metalanguage. So there are many cases where the full sense of a difficult concept only becomes clear with a graph or video clip illustrating its contextual features and usage (cf. ibid: 454). Definition devices beyond words often complement verbal definitions and can even provide inspirations for lexicographers to optimize the verbal information. For example, solutions to the above problems, like using schematic graphs to illustrate the meaning of prepositions advocated by Adamska-Sałaciak (2008) , often entail the use of multimodal devices, especially in e-dictionaries.
Meaning representation problems in e-dictionaries
In terms of meaning representation, many studies show there is much room for improvement in current e-dictionaries. Electronic dictionaries are often regarded as inferior in quality (Tono 2009: 48; Chen 2010) , and they are still to a large extent presented in a form similar to printed formats, so the potential is still under-utilized (Prinsloo 2012) . Some scholars complain about the unimagi-native use of the new powerful technologies in specialized online dictionaries (Caruso 2014; Fuertes-Olivera and Tarp 2014) . Many popular online bilingual dictionaries translate in a fairly primitive way without information or labels to indicate register differences or restrictions on use (Nesi 2012) . Many local e-dictionaries in East Asia, like the widespread Jin Shan Ci Ba in China, are of poor quality, as evidenced by mistranslations and lack of information on usage (Zhang 2004; Nesi 2012) . As shown by Kurtz (2012) , there is inaccurate information in You Dao, a very popular e-dictionary in China. In short, researchers find that too many lexicographic e-products were developed without any influence from innovative theoretical suggestions, and as a result current e-dictionaries too often do not live up to the expectations of their users (Gouws 2014). Therefore, a theoretical anchor point is needed to enable a breakthrough in improving e-dictionary definitions.
3.
Rationale for proposing multimodal definition
Practical rationale
As illustrated above, the limitations of verbal definitions and the meaning representation problems in e-dictionaries justify the necessity of a new horizon of defining in the digital revolution. The establishment of the notion of multimodal definition is expected to help solve those problems by arousing lexicographers' attention to the multimodality of e-dictionary definitions and awareness of how definitions can be improved both verbally and non-verbally. In fact, the multimodality of the definitions in e-dictionaries is quite different from that in paper dictionaries. The former involves many more complex factors for consideration in lexicographical practice. Furthermore, since the e-dictionary is often used as a vocabulary learning tool by language learners (Nesi 2010) , they may depend even more on edictionaries for definitions in the new era of multiliteracies. The widespread use of e-dictionaries embedded in multimodal texts has intensified the urgent need to solve the current problems in meaning representation. A conceptual expansion in defining theories may give fresh impetus to change at this watershed of e-dictionaries. As Amsler (2012) warns, fundamentally, electronic dictionaries "think" of themselves as print dictionaries being offered via electronic access, and this is a very limiting vision.
Theoretical rationale
In essence, the poor quality of e-dictionaries can be traced to the lack of theoretical models which lexicographers could rely on. The golden opportunity to lead the way in devising models for e-dictionaries was unfortunately not utilized sufficiently by metalexicographers (Gouws 2014). Where practical lexicog-raphers did utilize lexicographic theory, it often was a version that had been devised for printed dictionaries. So it is necessary to devise theoretical models for e-dictionaries that focus on critical areas like the data to be included in these dictionaries, the structures to present and accommodate the data, and the way they should respond to the needs of their target users (Gouws 2014). In fact, all these areas are closely related to the meaning representation and multimodality of e-dictionaries. What's more, the recent findings in multimodal discourse analysis (O'Halloran 2011: 120) , such as intermodal relations, can shed light on how to construct theoretical models, but those findings have not been fully exploited by lexicographers. Lew (2010) proposed the framework of multimodal lexicography by illustrating various modes of meaning indication in e-dictionaries and showing how they can complement verbal definitions. With a solid base in e-lexicography, his research gained support from many researchers, such as Yang (2012) and Luo (2012) . However, multimodal lexicography covers too broad a range and a clear picture of its structure and mechanism is still lacking. It is of great significance to investigate one of its key components, multimodal definition, especially from the perspective of multimodal discourse analysis.
After all, the concepts of "multimodality" and "definition" both focus on meaning and meaning-making. Theoretically they can be integrated naturally across discipline boundaries between multimodal discourse analysis and lexicographical definition.
In brief, only when the status of multimodal definition is recognized as a major component of multimodal lexicography, can its nature be fully understood and theoretical models and guiding principles be established for lexicographers.
4.
The semantic ecology of multimodal definitions
Overview of the semantic ecology
From a holistic viewpoint, the meaning system of a multimodal definition can be compared to an ecology and it is characterized by complexity, diversity and dynamicity. There are interactions among its members, as well as cooperation and competition. Its components or communities are conceptually linked together as an integrated whole in a hierarchy. A close look at the components of this semantic/meaning ecology can help understand e-dictionary definitions.
In the trichotomy of multimodal devices proposed by Lew (2010) , there are three categories: written language, audio presentation of the verbal elements including human voice recordings and synthesized speech, and other devices. Considering the differences between paper dictionaries and electronic ones, the first category is labeled as the verbal mode/definition, and the last two are non-verbal ones in this study.
The third category of Lew (2010) can be further divided into five types:
1) audio (recordings of non-linguistic sounds); 2) visual (static pictorial illustration, photographs, graphs, silent animations, tables, icons, typography etc.); 3) audio-visual (animations and video clips); 4) spatial (framing 2 , hyperlinks, floating tips 3 , sense menus, pop-up windows etc.) and 5) other affordances to be realized (e.g. tactile or gustatory modes).
All these members coexist in a semantic ecology tentatively illustrated by Fig The top of Figure 1 shows the relationships between the two components of a multimodal definition: verbal and non-verbal, with the former at the core and latter on the periphery. In this sense, the latter can "wrap" and "enlarge" (multiply) the meaning expressed by the former.
Following the semantic triangle of Ogden and Richards (1923) , there are two relating ecologies: the word/symbol and the world. From a cognitive perspective, a non-verbal definition can shorten the distance between the verbal definition and the defined word or phrase, serving as a link between the verbal definition and the outside world, hence better defining effect is likely to be achieved.
Dominant variables of the semantic ecology
Based on Multimodal Discourse Analysis (Kress and Van Leeuwen 1996; Royce 1998 Royce , 2007 O'Halloran 2008; Chan 2011: 144-165 ) from a Systemic Functional perspective (Halliday 1985) , two dominant variables are found to be operating in a robust semantic ecology of the multimodal definitions: mode selection and intermodal synergy. The first means the choice of semiotic modes, and the latter refers to the cooperation and interaction among different modes.
Mode selection
Mode selection is a function of many variables, such as the purpose of compilation, number of languages involved, type of medium used, target users, items to be defined and semiotic modal resources available. The purpose of a dictionary can be language comprehension or production. It can be monolingual, bilingual or multilingual. Its medium can be a desktop, laptop, tablet or mobile phone, etc. Its target users can be children or adults, foreign language learners or native speakers. The items to be defined can be concrete or abstract, commonly-used or rare. Additionally, modal resources are different from each other in how to represent meaning, and a good multimodal corpus should give definers a wide range of options to choose from. Most important of all, it is the correspondence between the nature of the item to be defined and the characteristics of a semiotic mode that plays an essential role in mode selection. We have some tentative suggestions about the correspondence while a systematic study of mode selection is still to be conducted.
First, there is usually an audio-audio or visual-visual match between the item to be defined and the mode for meaning explanation. For example, if the word is related to some sound, an audio recording of that sound is of course a good choice for complementing its verbal definition.
Second, there can be a concrete-concrete or abstract-abstract match between them. However, an abstract-concrete match may be more effective for young target users of the dictionary, and a concrete-abstract match may be enough for adult users if storage space is limited (as in a mobile phone dictionary). If an abstract process is to be defined, a flow chart alone may be enough for adults, but an animation or video clip is often more effective for children.
Third, typicality is one of the most important factors to be considered in mode selection. Non-verbal modes should provide the most typical context of language use for instantiation. This is crucial for learner's dictionaries, following the Theory of Family Resemblance (Wittgenstein 1953 ) and the Prototype Theory (Rosch 1973) . For instance, a robin may be a prototype for the headword "bird", so a picture of a robin is preferable to those of other kinds of birds. When defining a verb, the most typical semantic roles/arguments are often desirable or even essential. Taking "wash" as another example, a scene of washing clothes or hands is preferred to one of washing something rare.
Fourth, the differences between semiotic modes (especially language vs. images) should be taken into account. A verbal text unfolds over time in a dynamic, sequential way and language has a rich potential for the construal of temporal deixis, sequencing, location phasing and aspect, and this is in contrast with the instantaneous holistic apprehension of an individual image and the corresponding potential of the visual semiotic for nonsequencing spatial and comparative relationships (Painter et al. 2013: 133) .
Last, mode selection should be very careful as some modal resources may impede the learning process of users if not properly designed or chosen. There is evidence that users who viewed animations for the target entries had significantly lower vocabulary retention rates than those who ignored the animations (Lew and Doroszewska 2009).
Intermodal synergy
In a robust semantic ecology, the synergy between different semiotic modes is critically important, especially the text-image (verbal-visual) interface which is in the heart of multiliteracies.
Identifying cohesive links and examining the logical relations in ideational meaning that extend across semiotic modes may help us gain an in-depth understanding of intermodal synergy. In this study, Chan's (2011: 144-165 ) model of intermodal relations has been modified to suit e-dictionary definitions. Based on her framework, intermodal synergy falls into two categories: concurrence and complementarity (see Figure 2) , each of which can be further divided into four types, forming a hierarchical system. 
Intermodal concurrence
The (intermodal) concurrence or agreement, where meanings across modes are similar, is one of co-variate unity (ibid: 144-165). Concurrence may entail some form of redundancy across modes, but this is not a simple inter-modal duplication of meaning (Unsworth 2006) . It includes four basic types: equivalence, exposition, exemplification and homospatiality 4 .
Equivalence of meaning across semiotic modes means that they are mutu-ally identifying, following Gill (2002) . Being most common in both paper and electronic dictionaries, equivalence can be partial or full. For example, the verbal definition of "napkin" is accompanied by the (partially) equivalent picture in the online Longman Dictionary of Contemporary English (http://www. ldoceonline.com/dictionary/napkin) (see Figure 3 ). Homospatiality means that different semiotic modes co-occur in one spatially bonded homogenous entity (Lim 2004; Unsworth 2006 ). An example of homospatiality is the word "arc" arranged in the shape of an arc, or the word "blue" printed in the color blue. It is rare in dictionaries. The following picture accompanying the linguistic meaning of the word "onion" may be regarded as a vari-ety of homospatiality (cited from Unsworth 2006), the picture and the word overlap each other, and the latter is in purple, a prototypical color of onions.
Figure 7: Homospatiality of onion

Intermodal complementarity
The (intermodal) complementarity, where meanings across modes are different but complement each other, is oriented towards multivariate unity (Chan 2011: 144-165) . In Chan's (ibid: 144-165) model, it is divided into three basic types: extension, enhancement and projection. But we have found a new type, metonymy, in multimodal definitions. These distinct but interrelated types are respectively illustrated as follows. Extension means that meanings additional to those in one mode are represented in another (Unsworth 2006 (Unsworth , 2008 . New, related information is added. For example, images might illustrate the inherent relationship between the defined item and related ones in the semantic network. A case in point is a floating quasi-3D graph (see Figure 8 ), demonstrating the sense relations for the entry of appreciate in the VISUWORDS interface (http://www.visuwords. com/, cf. Lew 2010). Enhancement means that one mode provides meanings which expand another spatially, temporally or causally, etc. The image might depict the end result of a process described in the verbal text (Unsworth 2006) . If a word has negative connotations or semantic prosody, like "funeral", the audio recording can carry an unhappy tone to achieve enhancement.
Projection originally means the use of speech or thought bubbles, but in edictionaries, the floating tips are the major type of projection, which facilitates fast access to meaning. In VISUWORDS (see Figure 8 ), the verbal definition emerges when the mouse rests on any word in the graph, and such dynamicity enables more interactions between the user and the dictionary. So is Visual Thesaurus (http://www.visualthesaurus.com).
Metonymy, if cross-modal or multimodal, refers to a contiguity relationship between different modes, especially a part-whole one. It has mostly a referential or predictive function. As an example, the entry of wild is taken from LDOCE (http://www.ldoceonline.com/dictionary/wild_1). In Figure 9 , the picture of a tiger is used to describe the adjective "wild", since being wild is a dominant feature of a tiger and this animal is a prototype symbolizing wildness. The user's cognitive process involves four major steps: the tiger head, the whole tiger, a typical wild animal/thing and the nature of being wild. It is metonymy that facilitates every transition between consecutive steps. The image of a tiger head is metonymic for it represents the whole body of the tiger. The tiger is also metonymic since it stands for any wild animal/thing. So is the typical wild animal/thing as it symbolizes the quality of being wild. The above may not be a complete list of the logical relationships between verbal and non-verbal modes in multimodal definitions. But what seems certain is the relationships are unidirectional in most cases because the verbal mode is regarded as central and non-verbal modes are intended to complement or reinforce it. Where decoding linguistic meaning was unsuccessful or only partially successful, dictionary users would rely on non-verbal modes to support their interpretation. Complementary items were found to be more difficult than those where there was concurrence of meaning across modes, and among concurrent relationships, exposition was more difficult than equivalence (Chan 2011: 144-165) . So equivalence is most recommended for dictionaries designed for elementary language learners and/or dictionary users.
Dimensions of meaning multiplication
In the semantic ecology of a multimodal definition, meaning expressed verbally can be enriched, expanded or multiplied by the combination of verbal and non-verbal modes (cf. Royce 1998; Lemke 2002; O'Halloran 2008) in various dimensions. The concurrence or complementarity (Chan 2011: 144-165) between different modes amplifies meaning. For a detailed analysis from a systemic functional perspective, we employ the widely accepted framework of three metafunctions of the semiotic system: ideational, interpersonal and textual (Halliday 1985) . They can be respectively realized by the dimensions of content, form and space in multimodal definitions. A fourth dimension, time, is added for a longitudinal view (see Figure 10 ). 
Content
The ideational metafunction is the most important for the defining of dictionaries because it is closely related to the content of meaning. Concerning the material reality, ideational structures construct the nature of events, the objects and participants, and the circumstances (Unsworth 2006 ) which can be better represented by multimodal devices than language alone does, enriching the content of meaning in a dictionary. With multimodal devices, e-dictionaries often have the ability of showing more senses of a word and sense relations between words than their paper versions when necessary. This is an explicit and direct augmentation of meanings.
Implicitly, e-dictionaries are often more powerful in showing the characteristic co-text and context of a word/phrase which constitute part of the meaning. In such circumstances, encyclopedic and pragmatic meanings can be easily added. For instance, in bilingual dictionaries, when some culture-specific or confusing words/phrases are difficult to explain by language, proper multimodal devices are likely to vividly clarify or accurately represent the opaque meaning expressed by words, such as pictures showing the differences between "Roman nose" and "Grecian nose", and those between "in front of" and "in the front of". As elaborated above, meaning can be multiplied in the interactions between different modes, especially through intermodal concurrence and complementarity which add to the meaning of language.
Last, new media enable more interactions between the user and the e-dictionary (compiler/writer), which is part of the process of making meaning and has the potential of enriching meaning. In this sense, the ideational metafunction of multimodal definition is interwoven with its interpersonal metafunction.
Form
Interpersonally, a dictionary entry constructs the compiler/writer as a giver of information and the user as a receiver. In terms of an e-dictionary, the user often has more opportunities to probe meaning information than he does when passively receiving it from a printed one. Its multimodality can actually change the interpersonal relationship. The interpersonal metafunction is mainly realized by the forms of expressing meaning and it is often embodied by userfriendliness of dictionaries. Interpersonal resources construct the nature of relationships among addressers and addressees, and viewers and the viewed. Besides language, visual, audio and spatial modes provide diverse ways of showing meaning. The presentation of lexicographical data can take many different forms, depending on the needs of specific users and the situations with which they are confronted (Tarp 2008) . As electronic dictionaries start to exploit the opportunities of the medium more imaginatively, they could well offer users a range of defining options, like word clouds and semantic networks. Figure 11 shows the word cloud "deduction" in Cambridge Dictionaries Online (http://dictionary.cambridge.org/dictionary/ british/deduction), where the size, color and font etc. of each word all represent meaning.
Figure 11: Word cloud of deduction in CDO
Other new affordances of the digital era are gaze-contingent systems utilizing modern eye tracking (Bulling and Gellersen 2010) and a system like Google Glass (Lew and De Schryver 2014) . With the development of digital technology, more modes like the gustatory might be realized. For instance, the smell could be transmitted to the user via the internet someday. The diversity of the forms of such multimodal resources is likely to help improve the user-friendliness of a dictionary if specific user needs can be considered and satisfied.
Space
The textual metafunction is mainly realized by the space arrangement in multimodal definitions. Textual meanings concern the distribution of the information value or relative emphasis among elements of the multimodal text (cf. Kress and Van Leeuwen 1996: 175-214; Unsworth 2006) . Generally speaking, a dictionary entry locates the headword as the "Theme" or given information, and the "Rheme" or new information is the following verbal definition. If the verbal definition is complemented by non-verbal resources, it may become the given information in comparison with the latter, the new. Thus a cumulative given-new structure is formed. In Figure 3 , the verbal definition of "napkin" (old information) is placed on the left while the picture (new information) is on the right because human beings usually read from left to right. In Figure 4 , the verbal definition is old information on the top, and the picture is new information below it for we usually read from top to bottom. The information on the top is usually ideal, but that on the bottom is real, specific and detailed (Kress and Van Leeuwen 1996: 186) . But a picture may distract the reader's attention from the verbal definition, so the reading path is not necessarily from left to right, and from top to bottom.
Non-verbal resources cohere into textual compositions in different ways. E-dictionaries can offer a layered, hierarchical inner access structure (as indicated by Figure 5 and Figure 6 ). If the user selects a particular sense from the menu displayed at the top of the entry (Tono 2000: 855; Lew 2011) , the space for a specific definition can be adapted flexibly to the user need. This type of layered presentation embodies the role of the medium in developing and altering patterns of electronic dictionary consultation as well as its effects on language reception, production, and learning (Dziemianko 2012: 321) . Furthermore, the interconnections between different pieces of information, including the ubiquitous hyperlinks and internal links to word-processing applications allow users to copy text from dictionary to document.
Time
The last dimension is time. E-dictionaries can renew its information more frequently and easily than their print counterparts. This can help guarantee the recency and accuracy of meaning which prove to be the major concerns of users (Müller-Spitzer et al. 2012) . For instance, some online dictionaries let users help update and add new senses to an entry. In addition, the users' consultation history can be recorded. The use of cookies, i.e. small text files stored on the user's hard drive, allows the server to uniquely identify a returning visitor (De Schryver and Joffe 2006: 69; Verlinde and Peeters 2012: 150) . This inherently helps build the semantic network in the user's mind during the process of learning.
In brief, multimodal definitions can extend the meaning system chronically for the sustainable development of (e-)dictionaries. In essence multimodal definition is dynamic and vigorous.
Future directions for research
Much recent literature has shown us two future directions for research: user studies and database construction, which is evidenced by the 2014 special issue of the International Journal of Lexicography, Using Online Dictionaries (Müller-Spitzer 2014) and Electronic Lexicography (Granger and Paquot 2012), etc. In the field of multimodal lexicography, further explorations of such critical areas as mode selection and intermodal synergy should be made in these two directions.
User research
E-dictionary user research has attracted a lot of attention recently, but there is still much work to do (Tarp 2009; Nesi 2013; Lew and Schryver 2014) . While dictionary use has moved dynamically into the digital medium, user research on digital dictionaries has been somewhat slow in coming (Lew 2015) . Lew (2010) points out factors to be considered in the design of multimodality, including dictionary culture, consultation goals and context, language proficiency level in general and in the specialized domain, and type of the lexical item to be defined. The methods of investigating user studies are various. Welker (2010) identifies six of them: questionnaire surveys, interviews, observation, tests and experiments, protocols and log files. New laboratory-based methods have enabled researchers to observe in detail the way users interact with dictionary information on the computer screen (Nesi 2013) . Representative examples are eye-tracking techniques from the cognitive science and psycholinguistics (e.g. Kaneta 2011; Simonsen 2011; Tono 2011; Lew et al. 2013 ) and usability testing methods from the information science (Heid and Zimmermann 2012). In the future, neuro-cognitive methods may be introduced, like Event-Related Potentials and Functional Magnetic Resonance Imaging, to explore how the mind works during dictionary consultations. Those advanced techniques can reveal microscopic aspects of dictionary use that probably cannot be discovered by behavioral observations or experiments.
In fact, previous user studies have shown different or even contradictory findings, such as those on the relationship between dictionary users' strategies and language learning (Gavriilidou 2013). Such variation of results may not be as contradictory as they seem, if we consider that the differences found could be attributed to the lack of investigations into the stratification of dictionary users. No previous research, however, has stressed the importance of such investigations. User classification, especially the one disclosing the latent or underlying classes among users, may serve as a mediating or moderating variable in related quantitative studies, including those aimed at optimizing the design of multimodal resources. A holistic analysis of these resources should consider the diversity of modes and submodes involved in meaning making while adopting a dynamic perspective on the users' cognitive processes and their taxonomy.
Multimodal corpora
Multimodal corpora in line with lexical databases, if annotated in the auditoryvisual domains, can provide useful resources for dictionary making in automated processes. Online data mining seems to be indispensable to the construction of multimodal corpora. Fujii and Ishikawa (2005) proposed a method for searching the Web, seeking images associated with a specific word sense to generate content for multimedia encyclopedias. A particularly convincing implementation of the effective visualization of semantic relations is the VISUWORDS interface (www.visuwords.com), serving as a front-end to English WordNet data (Lew 2010) .
Unfortunately, annotating multimodal data is still problematic for both theoretical and technical reasons: first, there is a lack of linguistic and cognitive theories taking into consideration all the different aspects of multimodality; second, we need to specify a standardized way of representing multimodal information in order to give access to large multimodal corpora, as richly annotated as possible (Blache et al. 2009 ). So there is still a long way to go in this field.
Conclusion
In summary, a holistic view of meaning and a systemic-functional approach to the semiotic system have been adopted to broaden the horizons of e-dictionary definitions. Located at the intersection of multimodal discourse analysis and dictionary definition, multimodal definition is characterized by:
1) one key relationship (between multimodal devices and defining effect); 2) two key words (multimodality and definition) and two dominant variables (mode selection and intermodal synergy); 3) three metafunctions (ideational, interpersonal and textual); 4) four dimensions of meaning multiplication (content, form, space and time).
The three research questions raised at the beginning of the article have been answered. We think multimodal definition deserves its own place within the framework of multimodal lexicography since both practical and theoretical rationales support the necessity of having this new term. Only with proper mode selection and optimal intermodal synergy, can a robust semantic ecology be maintained in a multimodal definition. As it multiplies meaning in content, form, space and time, multimodal definition has great potential for transcending the limitations of verbal definitions and alleviating the meaning representation problems in current e-dictionaries. It would usher e-lexicography to a new era if the present theoretical and technical challenges could be overcome. This study was inspired by and based on the pioneering work of Lew (2010) . By examining online dictionaries, his trichotomy of multimodal devices was refined, with some new submodes added. Furthermore, a new type of intermodal synergy, (multimodal) metonymy, was found in e-dictionaries, complementing previous research in the field of multimodal discourse analysis with lexicographical evidence.
All these findings have cast some light on the construction of a theoretical model for e-lexicography, but the current study has its limitations for being largely dependent on retrospective analysis. A detailed plan was not worked out on systematic investigations into mode selection and intermodal synergy in multimodal definitions. This leaves much room for future work. It should also be noted that, to build a complete theoretical system of multimodal lexicography, another important subfield, multimodal exemplification, might be explored in line with multimodal definition.
Notes
1.
Multimodal discourse analysis (MDA) is an emerging paradigm in discourse studies which extends the study of language per se to the study of language in combination with other resources, such as images, scientific symbolism, gesture, action, music and sound (O'Halloran 2011: 120).
2.
Framing is the use of boundaries connecting or disconnecting one space from another (Van Leeuwen 2005: 18) .
3.
A floating tip is a temporary window (usually small) indicating the meaning or translation etc. of a word/phrase and emerging only when the mouse rests on it. 4.
A cover term "elaboration" is used for all the types by some researchers (cf. Unsworth 2006 Unsworth , 2008 Painter and Martin 2011) .
